In order to preserve green spaces, essentially in salty coastal areas, this study aims to select and evaluate the appropriate ornamental species to these special environments. This paper investigated the response and the adaptability of tree ornamental species: Schinus terebinthifolius, Araucaria heterophylla and Lagunaria patersonii to seawater spray.
Materials and methods

Plant material and experimental conditions
Plants of the ornamental species (Schinus terebinthifolius, Araucaria heterophylla and Lagunaria patersonii) (10 months from the seed) were grown under greenhouse conditions in the experimental station of the Faculty of Sciences Oujda, Morocco. These species are commonly used as roadside trees in the green spaces of the Moroccan coastal areas and many other countries [8] . The plants were transferred to plastic bags (35 cm × 18 cm). Each bag filled with a mixture of sand, soil and peat (organic maters = 23.3%, pH = 6.7, electrical conductivity = 2.67 mS.cm -1 ) with the proportion of 2:1:2 respectively. Plants were watered daily with distillated water quantity calculated according to the reel evapotranspiration (ET 0 ) ( Table 1 ). For the salt stress treatments, 2/3 of the plants of each species were subjected to seawater spray (electrical conductivity = 185.4 mS.cm -1 , salt concentration = 114 g.Kg ) during three months. Half of these plants was subjected to treatment T2 by leaf spraying twice a day (morning and evening), while the other half was subjected to treatment T1 by sprayed only once a day (morning). The further plants did not receive any treatment and considered as controls (T0). Twelve plants were considered per treatment per species. The salt treatments were performed using a spray system (sprayer) until appearance of droplets on the leaves. The plants roots were not exposed to seawater. Therefore, we focused on the effects of seawater spray on the aerial parts.
Plants height and ramifications
The plants height was measured using a graduated ruler. New branches were counted to assess the effect of seawater spray on ramifications. The values are the average of five repetitions per species per treatment.
Chlorophyll fluorescence measurement
The quantum yield of the PSII was measured using a portable fluorimeter (Handy PEA, Hansatech, England). The leaves were dark adapted for 15 to 20 min before measurement. The chlorophyll fluorescence is defined as the F v /F m ratio = (F m -F o ) / F m [16] , where F v is the variable fluorescence, F m is the maximum fluorescence and F o is the fluorescence signal received from the leaves. This parameter is used to indicate the variation of the PSII under abiotic stress. Ten plants per treatment per species were considered and grouped as three replicates.
Total chlorophyll content
Chlorophyll (Chl) content was determined according to Arnon [17] . It was extracted with acetone in a mortar, using 200 mg of fresh leaf and 5 mL of acetone (80%, v/v). After centrifugation (5000 × g for 7 min), the chlorophyll content was determined in the supernatants using a spectrophotometer at optical densities (OD) of 663 and 645 nm respectively and calculated using the formula: Chl (mg.g -1 FM) = (8.02×OD 663 + 20.2×OD 645 ). Ten plants per treatment per species were considered and grouped as three replicates.
Statistical analysis
The experiment was carried out in a complete randomized block design. The two-way analysis of variance (ANOVA II) using IBM SPSS 21.0 software (SPSS, Chicago, Illinois, USA, 2012). The means were compared using Tukey's test at the significance level of α = 0.05. Figures were created using Microsoft Excel.
Months
ET 0 (mm) June 6 ± 0.5 July 7.1 ± 1 August 6.9 ± 0.1 September 5.3 ± 0.7
Results
Effect of seawater spray on plants height and ramification
Results showed that salt spray (T1 and T2) decreased the plants height and ramifications respectively in almost all of the studied ornamental species with significant (p<0.001) variation between them ( 
Reduction (%) (1) - (3) T0 (1) T1 (2) T2 (3) A. 
Species
Salt treatments Reduction (%) (1) - (2) Reduction (%) (1) -(3) T0 (1) T1 (2) T2 (3) A. 
Chlorophyll content
The results showed that the chlorophyll content was negatively affected by seawater treatments in all of the studied species (Table 4 , Figure 2 ). The treated plants T2 showed the lowest values compared to those T1. A. heterophylla presented the lowest chlorophyll reductions of 44.7% and 54.78% respectively under T1 and T2 among all of the studied species at the end of the experiment. Similarly, L. patersonii was severally (p<0.001) affected by salt treatments. According to Tukey's test, the most significant falls of the chlorophyll content were noted in Jul. The chlorophyll concentrations in Sep were 0.57 ± 0.04 and 0.30 ± 0.01 mg.g -1 FM respectively for T1 and T2. For S. terebinthifolius, there were a significant (p<0.001, Table 4 ) decrease in the Chl content started from Jul and continued to Sep as response to the salt treatments. The severity of this constraint has been increased significantly (p<0.05) at the end of the experiment according to Tukey's test. This species has presented the highest reductions of 88.8% and 94% under T1 and T2 respectively. 
Discussion
In the present study, the results showed that seawater spray decreased the plants height and ramifications in all of the studied species with significant variation between them. It is well known that salinity negatively affects plants growth and metabolism. In fact, similar effects of salt spray treatment on plant height and growth has been observed in many plants species such as P. rigida and Q. rubra [3, 12, 18] . The survival rate of the tree-studied species was 94%, 91% and 83% for A. heterophylla, L. patersonii and S. terebinthifolius respectively. Generally, plants have developed several morphological and physiological strategies to survive under salt stress [19] . In this study, the degree of tolerance to salinity significantly varies from species to others and as a result, the responses to this stress were statistically different (Table 4 ). Griffiths and Orians (2004) , have reported similar results for Pinus rigida in terms of growth and ramifications [4] . For A. heterophylla, there was no significant reduction in the plant height in comparison to the other species, this may due to its great adaptability to these conditions. Furthermore, the plants that have lost their leaves will tend to produce a fresh leaf to reward for the losses, if the conditions will permit, but in our case, the sprayed plants were not able to grow because the seawater spray was continuous throughout the experience. Leaves burning and curling followed these reductions especially in S. terebinthifolius. The leaves curling presented by S. terebinthifolius and L. patersonii during the salt treatments could be explained as an adaptation strategy to face this stressful situation. Under this condition, those plants curl their leaves and reduce area in order to avoid salt deposits, and to minimize the water loss by transpiration. Some authors, Latrach et al. and Kekere et al. [12, 20] , published similar findings for Medicago sativa, Kyllinga peruviana and Paspalum vaginatum respectively. A. heterophylla was more tolerant to stress due to its high survival rate (more than 90%) under salt treatment, this could be explained by the structure of their leaves (leavesscales), which permit it to resist the seawater spray [21] . The complete shutdown of the growth and development of plants under the constraint of seawater is explained by the reduction in the leaves number and by consequence the decrease in photosynthesis rate. The same effect has been reported in Aleppo pine grown in the Tunisian coastline [20] . Seawater spray negatively affected the chlorophyll fluorescence in all of the studied species with significant variation in their behaviors (p<0.05). Generally, plants in normal conditions presented the ratio F v /F m close to 0.8 but in our case, the decrease of F v /F m was positively correlated with the salt spray. This parameter is considered as one of efficient tools for determination of the plants stress response, particularly before any morphological changes showing up for many plants species whether or not the PSII damages occurred in the leaves [23] . Some researchers have not found any changes in the first days of salt stress [11] , while other reported significant decreases in the F v /F m under severe salinity and drought [24] . Mouradi et al., [14] and Fghire et al., [15] proved the efficiency of this tool for determining more drought tolerant genotypes of alfalfa and quinoa respectively. As well as drought, PSII performance decreased under salinity reflected by the decrease in the F v /F m ratio [12] . These results are essentially linked to the photosynthetic state engendered by seawater spray as results of stomatal closure and water loss by osmotic stress [25] . Furthermore, the reduction in the number of leaves and their sizes acts negatively on the interception of the light and by consequence the decrease in the chlorophyll content owing to the presence of NaCl, which deteriorates the leaf's cuticle, disrupts the stomata and disintegrate the chloroplasts [26] . In addition, the chlorophyll damage is might be due to the potassium K + deficiency occurred during the treatment, which was inversely correlated to the increase of the amount of the sodium Na + ion, this indicates competition effect between the Na + and K + ions [27] . Based on these results, A. heterophylla conserved higher PSII performance and Chlorophyll content in its leaves then the other species. With the observed leaf curling and other osmotic adjustment mechanisms as response to salinity stress we suggests that it may constitute an adaptation strategy to avoid high salt stress disadvantages in photosynthetic metabolism [28] .
Conclusion
The experimental evidences presented in this study suggest that seawater spray causes multiple physiological responses inside the studied plants. Growth and the photosynthetic parameters significantly decreased as response to sweater spray. Obtained results also demonstrated that species responses to salt stress differ significantly under both salt spray treatments. A. heterophylla was qualified as more tolerant to seawater spray treatments, while S. terebinthifolius was qualified less salt spray tolerant. L. patersonii has shown intermediate tolerance. The degree of tolerance was associated to the maintain of high chlorophyll content and F v /F m ratio even under salt stress.
